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INTRODUCTION 
Applesauce has long been considered an important food product in 
the United States. Approximately 25 percent of the fresh apples used 
by the industry in the U. S. are conv erte d ' into sauce. Recent statis-
tics indicated a further increase in consumption (Canning Trade Almanac, 
1964). The reason why so large portion of the crop have been utilized 
for sauce manufacture is that we can use the desirable varieties for 
blending techniques in making sauce, and its fine particl e character 
has some advantages as a kind of baby food. 
According to the U. S. standa rd grades of canned applesauce, Grade 
A (Fancy) applesauce should have a bright color, fine particle, uniform 
texture, and natural flavor of the fresh apple. However, how to manu-
facture a sauce to meet th e Grade A r equirement is a problem for food 
processors to face . Although many r eports showed that th e quality of 
applesauce was affected by the varietal characteristics, stage of matura-
tion of the fresh apple, and post harvest storage (LaBelle~ al, 1960; 
Smock and Neubert, 1950 ; Wil ey an d Toldby, 1960 ; Livingston~ 2..!_, 1954), 
no informati on is availabl e on sy~tematic ,;.studies of the basic charac-
teristics of the individual varieties grown in Utah. 
In recent years, freeze-dehydrated fruits and fruit products have 
been manufactured in an att empt to remov e most of the water they contain 
while maintaining a minimum change in the quality of th e resulting pro-
ducts, Fr eeze - dehydrated foods can be stored and transported without 
refrigeration, are light in weight, and have an extended shelf - life. 
These advantages, coupled with flavor ret entio n capacity, hav e made 
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freeze-dehydrated products important among processed products. There-
fore , an attempt was made to evalua t e the quality and nutritive value 
of freeze -d ehydrated applesauce. The reconstituted freeze dehydrated 
applesauce was analyzed for chemical and organoleptic attributes and 
compared with canned applesauc e. Studies were made on th e effects of 
variety, maturity, and post-harvest storage on the quality of canned and 
freeze-dehydrated applesauce with r ega rd to chemical constituents, 
physical properties, and flavor characteristics. 
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REVIEW OF LITERATURE 
Appl esauce Manufacture 
Blends of var ieti es of apples are commonly used in the manufa c ture 
of canned applesauce. The preparation of canned applesauc e has been 
desc rib ed in seve ral publications (Lopez, A.~ al . 1958 ; Neubert . and 
Mottern, 1940 ; Smock and Neuber t , 1950; and Strachan, 1952). The pro-
cedure, which is usually employ ed by th e industry in th e Pacific North-
west area, i s desc ribed as being representative for th e industry {Lope z, 
A., 195 8). Basically it consis ts of the fo llowing operations. 
A ble nd of desirable varieties, for instance, 4 parts of York 
Imperia l, 1 part of Stayman Winesap, and 1 part of Rome Beauty apples 
(Bu ch.£! a l. 1956), are mechanically wa~hetl, so rt ed, pee l e d, cored and 
trimmed by hand, and inspected. The inspected apples are then s lic ed, 
cooked under steam pressure, mixed with suga r, and fin i shed in a paddl e 
type fi n isher . 
The operations follow in rapid succession as de la y at any poi nt 
betwee n peeling and cooking may result in enzymat ic oxida tion, with 
attendant discoloration of the finished product (Smock and Neubert, 1950). 
Most processors reh eat th e sauce prior to filling cans or glass 
jars, c l ose the container immediately after filling, and .hold the pack 
at 180°F. or somewhat high er for a per i od of time suffici ent to assure 
keeping quality. The containers ar e th en water cooled to an average 
temperatur e of l00° F. The cans us ed are made from plain either e l ec tro-
l ytic or hot dipped bodies and insid e ename led e lectrolytic en ds. This 
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type o.f can gives satisfactory results i.f excessive amounts of headspace 
air are eliminated (Kohn and Fix, 1956). 
The equipment used in the manufacture of applesauce is importa nt . 
Apples after peeling should not come in contact with iron or copper , since 
they will discolor very r apidly. Stainless steel and othe r materials, 
which do not discolor the apples are employed for sauce manufacture, in 
order to prevent metallic contamination of the product . 
Factors Related to the Quality of Canned 
Applesauce and the Requirements for 
the Grade A (Fancy) Sauce 
For the production of the U. S. grade A (Fancy) sauce, color, con-
sistency, finish, absence of defects, and flavor are the factors dete r-
mining the score in grading (USDA, 1950) . 
(1). Color: Bright-yellow color sauce is generally preferable 
to the other colors, as it earns the highest score by taste panel. 
Sauces from varieties studied varied in colo r from white to golden 
yellow, depending on the method o[ handling the fruit after peeling, 
cor ing and slicing, and on the cooking procedure used. 
A five minute pasteurization in boiling water following the cooking 
and sealing process showed little or no darkening of sauce. An extended 
cook of 20 minutes resulted in a noticeably darker sauce. The use of 
fruit-enamel cans resulted in a darker sauce especially around air pockets 
and a less uniform color, whereas plain tin cans aided in obtai nin g a 
li ght colored sauce because of a slight bleaching effect of the tin 
(Neube rt and Mott ern, 1940). 
(2). Consistency: The amount of water conta ine d in sa uce pla ys 
an impor tant role in det ermi nin g the cons istency. The amount of wat er 
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present in sauce varies with the varieties used and with the maturity 
of apples. Consistency was considered grade A when the sauce on bei ng 
emptied from a can formed into a slightly mounded mass with no separa-
tion of free liquid. 
(3). Finish: The term "finish" refers to the degree of division 
of the sauce particles and the uniformity of division. Sauce was scored 
grade A with respect to finish when it possessed a fine grain throughout 
and was not pasty or lumpy. 
Finish is largely dependent upon the cooking process employed and 
the types of equipment used in pulping. It was found desirable to slice 
the fruit from 1/2 to 1/4 inch in thickness to obtain a uniform cook. 
Prolonged cooking tended to produce a pasty sauce . The size of screen 
in machine, either 0.040 or 0.062 inch openings gave a satisfactory 
grainy finish, free from lump and scored grade A with respect to finish 
(Neubert and Mottern, 1940). 
(4). Absence of defects: This factor refers to freedom from objec-
tional substances such as particles of seeds, flecks from bruised por-
tions of fruit, peel, and portions of carpel. This factor is easily 
controlled in the preparation line of the fruit and by the finishing 
machine. A sauce was considered to be of A grade if it was made from 
fruit that had been carefully trimmed and washed free from adhering 
specks. 
(5). Flavor: To be classified as grade A, applesauce must have 
a prominent and distinct natural apple flavor and aroma, approaching 
those of fresh apples. 
Acid and sugar content are the most important factors i n flavor. 
Apples with acidity yield a better product because of their desirable 
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tartness. Fruit with a high acid content required the addition of more 
sugar to give a proper balance between sugar and acid for the best 
flavor. 
Green fruit did not possess a full apple flavor and aroma necessary 
for grade A sauce. On the other hand, fruit which had been held in 
storage for extended periods and was overrnature lack ed characteristic 
flavor and snap (Magness and Diehl, 1924) . 
Definition and Mechanism of Freeze -
Dehydration Process 
Freeze-dehydration is a unique food preservation.process that re -
moves moisture from frozen food without appreciably changing the shape , 
co lor, or taste of the product. Cellular structures remain intact. 
With the water removed, the food can be stored for longer periods of 
time without refrigeration. Moreover, the freeze - dehydrated product 
loses 75 to 90 percent of its weight in the process. Reconstitution 
is accomplished by simply adding water or any other liquid (Bird, 1964). 
Basically, this process is to change frozen food to the dry state 
by sublimation. The ice in the frozen product goes directly from solid 
to vapor, bypassing the liquid phase. This process tak es place in a 
vacuum chamber at a very low pressure (below 4.7 mm Hg) and with a con -
trolled input of heat (Desrosier, 1963). 
The pressure-temperature relationship of phases of water is shown 
in the following diagram. 
(l) 
... 
" "' 
"' (l) 
... 
"' 
., ___ :~'__ "V v.,., 
I triple point 
I 
32 
Temperature ~ (F) 
1. Under normal conditions, phases change from solid to liquid, 
th en to va por as the temperature increases . 
2. When the pressur e is below 4.7 mm Hg, the solid phase changes 
dir ectly into the vapor phase. 
Advantage and Disadvantage of Freeze-
Dehydrated Product 
Under proper con ditions, freeze dehydratio n preserves much of the 
str uctural, chemica l, and physical integrity of foods. With the excep -
tion of freezing, this process comes closer to maintaining origina l 
product cha ract eristics than any other processing method. This i s a 
primary advantage of the method. 
Final products of the process are dehydrated, not frozen. As suc h, 
th ey may be kept in room temperature storage over a l ong period of time 
with minimum deterioration . The length of the storage period depends 
on the quality of the original raw product, care with which they were 
f r eeze- dehyd r ated, and the se al of the container. They should be good 
for two years at room temperature. 
Another characteristic of the product is its lightness in weight. 
For examp l e, if we were marketing raw, debone d chicken meat, for 100 
pou~ds of frozen product we could ship only 29 pounds of freeze-dried 
product. With 100 pounds of mushrooms, we could only ship 11 pounds of 
freeze-dried products, 11 percent of the original weight. The light-
ness of the product is somewhat offset by the weight of the container . 
With some foods, can weight exceeds product weight. 
Undesirable chatacteristics of the product might include appear -
ance, affinity for water , and special packing requirements . Many foods, 
especially meats, look quite unappetizing wit hout their natural moisture. 
Thus , a package with a window probably will not be used for these pro-
ducts. The affinity for water might be listed as a disadvantage, since 
it makes packaging especially difficult and costly . Some products 
require nitrogen or vacuum pack (Bird, 1964). 
Inst~nt Applesauce Powder 
Research on the instant applesauce powder has recently been reported 
by severa l investigators . 
Johnson~ .!!.l· (1962) manufactured a kind of fresh flavored instant 
app l esauce powder by using a specially constructed lab orato ry vacuum 
she lf dryer equipped with tubular-type infra - red lamps. Lazar and Morgan 
(1965) presented a paper at the 25th annual IFT meeting, Kansas City, 
Missouri, on the instant applesauce powder. Eastern Utilization Researc h 
and Development Division, Agricultural Research Service, USDA, has pro-
duced experimental quantities of explosion -puffed applesauce powder in 
1964. 
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MATERIAL AND METHODS 
Harv est and Storage of Apples 
Important varieties of apples grown in Utah, such as Jonat han, Red 
Delicious, and Rome Beauty were chosen for this experiment. They were 
obtained from the Howell Field Station, North Ogden, Utah. In order to 
minimize variations during sampling, three stages of uniform maturation 
from the same trees were decided by gr ound color of fruits, picking date, 
and pr ess ure tester from Sep tember 1 to October 15, 1964 (Figure 1). 
Fruits were divided into two lots after harvested. A lot of eac h 
variety of fruit was manufactured into sauce immediately after harvest. 
Another lot was manufactur ed after two months of post -h arvest storage 
at 32°F., and 90 percent relativ e humidity. 
Manufacture of Canned and Freeze-
Dehydrated Applesauce 
Canned applesauce : was ' prepared according to a commercial sta ndard 
method used in the Pacific Northwest area (Neubert and Mottern, 1940), 
and freeze-dehydrated appl esauce . was. prepared by using the Hull Freeze 
Dehydrator (Hull Corporation, Hatboro, Pennsylvania) in the pilot plant 
of the Food Science and Techno log y Processing Laboratory, Utah State 
University, Logan, Utah . 
Preparation of Canned Applesauce 
Apples were washed with water, pee l ed , and cored in a machine, and 
dumped into a 1.5 percent sodium chloride solutio n to prevent enzyma tic 
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Figure 1. Jonathan, Red Delicious, and Rome Be.auty apples harvested at 
three stages of maturation. 
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brownin g . The products were sorted , trimm ed, slice d, and pre - cookPd 
ra pidly in a steam - ja cke t kettl e at 210°F . for about three minutes, with 
a small amount of water added (10 ml in one pound of appl es ) to pr eve nt 
scorching . The pre-c ooking time t ook about l.5 to 20 minutes depending 
<11 variety and maturity of the apples . These precooked, tenderi ze d 
s li ces , were then removed to a Fitzpat ri ck Conuninutor for mil l ing and 
passe d through a screen with 0.062 inch holes in diameter . The sa uce 
was weighed, and sugar was added in the amounts needed to adjust the 
so lubl e so lid s t o 18 percent by using a refractometer . The finished 
sauce was conveyed to a filler and sea l ed in plain tin No. 2-1 /2 cans 
(401 X 403). Sealing temperature was kept at 180° to 2.00°F. Foll owing 
the 10 minutes in boiling water for steri l ization, the cans wer e coole d 
to l00 °F. and stored at 32°F. cold room for further ana l yses. ThP flow 
diagram for the pr epa r ation is shown in Figure 2. 
Fr eeze- Dehydrati on 9!~~~ 
Applesauce . prepar ed .from thr ee variet i es of apples whi ch had been 
held fo r two and a half months po st - harvest stor ag e was s e l ec t ed for 
freeze -d ehydration studies . 
The fruits were washed, pee l ed , cored , and sliced , and scree ned 
thro ugh 0 .06 2 inch h o les in diameter. The fin i shed sauce, with su gar 
adde d in the amount to attain the so lubl e sol i ds 18 per ce nt, was 
sp r ead on aluminum plates (15 x 10 x 0 . 2 inch). These sauce loaded 
plat es wer e quic kl y froze n by pouri ng liqu i d nitrogen (- 320°F. ) eve nl y 
on to th e sauce surfac e , and th ey wer e r emoved inunediately int o th e 
cha mber of th e Hull Freeze Dehydrator (Hull Cor poration, Hat boro, 
Penn sylvania) as shown in Figure 3. 
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Freeze-dehydration was conducted by providing a vacuum pump system 
to reduce the pressure for sublimation, and a condenser con nected to a 
refrigeration unit to condense the vaporized gas in the bottom of the 
chamber. A heating plate system was provided to supply the heat to speed 
up the rate for sublimation. It took about 15 hours for complete drying. 
When the vacuum in the chamber was reduced from 120 micron to 40 micron 
Hg as indicated in the automatic recorder of the unit, the product was 
dry . The moisture in the dri ed applesauce was determined, and it was 
milled and blended to powder, and packaged in No. 2- 1/2 cans under 
vacuum for the further analyses . 
Chemical Analyses on Applesauce 
For the chemical analyses of canned applesauce, samples were plac ed 
in small glass containers before sugar was added. With the freeze -
dehydrated applesauce. , samples were prepared by the addition of distilled 
water to reconstitute them. The amount of distilled water needed for 
reconstitution was determi ned according to the weight reduction after 
sauce has been freeze-dehydrated as shown in Table 11. 
Acidity, pH, and soluble solids 
Soluble solids content were measured with Zeiss Opton refractometer 
at 68°F. Total acidity and pH were determined with Beckman pH meter. 
Ten grams of applesauce was mixed (homogeniously) with 100 ml. of dis -
tilled water, and then measured for the pH value and titrated dir ec tly 
to pH 8 .1 with 0.1 NaOH. Results for acidity were reported as percent 
of malic acid . The ratio of soluble solids and acidity was calculated 
by dividing percent soluble solids by per cent malic acid. 
Appl e Fruits 
J 
Washing and 
Sorting 
J 
Peeling and Coring 
J 
Dump into 1.5% 
Nacl solution 
l 
Trimming, Washing, 
and Slicing 
J 
Precooking in Steam-
jacket at 210°F. 
for 3 min. 
J 
Milling and Screening 
in Fitzpatrick Conuninutor 
with 0.062 openings 
Sugar added to 
attain the soluble 
solids 18 percent 
by refr,ctometer 
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Canning Freeze-dehydration 
+ + Temperature Holding Spread the sauce 
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180°F j 
Fillin g in cans 
J 
Sealing 
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boiling water j 
Water cooled 
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Dried Product 
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Figure 2. Flow diagram for the pr eparation of canned and freeze-
dehydrated applesuace. 
Fig u re 3. Hull Fre eze - Dehydr atio n unit u-.hl j , ~-repar·il ·~ thE:> 
freeze- deh ydra t ed prod ucts. 
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Volatile reducing substances 
Volatile reducing substances in applesauce were determined by the 
procedure out lrned by Luh , .!!_l !!.!.· (196 1) . A sample of 250 grams of 
applesauce was steam distilled 1n an all glass apparatus. About 220 ml 
of distillate was collected and the volume was made up to 250 ml with 
distilled water. Two 75 ml aliquots were taken from each distillate. 
Volat il e reducing substances were determined by the alkaline permanga-
nate reduction and iodometric method. Results were reported as micro 
equivalent of volati le reducing substances per 100 grams of sample. 
Suga!:! 
Determination of total and free reducing sugars . An alcohol slurry 
was prepared according to the A.O.A.C. (1960) method . Fifty grams of 
sauce were placed into 80 percent alcohol to make a total weight of 
JOO grams. About 30 grams o f this alcohol slurry were weighed in a centri-
fuge tube and cent.rifuged for 1 ~ minutes at 2500 r.p.m . The alcohol 
extract was transferred to a 100 ml vo lumetric flask. The residue was 
washed three times with 80 percent alcohol and cen trifuged . The total 
alcohol ex tract was then clarified with lead acetate and sodium phos-
phate, made up to 100 ml volume with d1.st .illed water, and filtered. 
An aliquot (5 ml) of the filtrate was used for the determination of 
free reduc i.ng sugars by cede su [fate titration as described by Hassid 
(1939). 
Rapid inversion of sugars in an aliquot of the clarifie d alco h ol 
extract was carried out by adding H 1 (l : l) and heating at around 220°F., 
neutralizing the solution with alkali, and 111aking up to a known volume 
with distilled water . Total reducing sugars were determi n e d by eerie 
sulfate titration in the same way as the free reducing sugars. The 
percent of sucrose was then calculated from the difference of total 
reducing sugars and free reducing sugars. 
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The mechanism involved was oxidation-reduction reaction, in which 
sugars were oxidized, and ferricyanide was reduced. The reduced ferro -
cyanide (yellow) was then oxidized to ferricyanide (golden brown) by 
the titration with eerie sulfate in the presence of setopaline Cindi-
cater. The amount of eerie sulfate used in titration was calculated as 
dextrose equivalent in percent. 
Determination of individual sugars. 
A. Separation of sugar fraction. A portion of the alcohol 
slurry containing 10 grams of sauce was centrifuged, and the residue 
was washed three times with 80 percent alcqhol . The total a l cohol 
extract was passed through two ion exchange columns . The first column 
contained Dowex 50 cation exchange resin in the H+ form and the second 
column contained Dowex 1 anion exchange resin in the · formate form. 
Thus, the amino acids fraction in the alcohol extract was absorbed 
on the first column, and organic acids fraction was absorbed on the 
second column. The eluent from these two columns was air dried, and it 
was made up to 10 ml for determination of the individual sugars by 
paper partition chromatography, 
B. Paper partition chromatography of i ndividual sugars. 
Paper partition chromatography of sugars was conducted by using the sol-
vent system (n-Butanol: acetic acid: water, 4: 1: 5, organic phase) 
as described by Borenfreund and Dische (1957). Ani l ine-diphenylamine 
color reagent was prepared by mixing 10 v olumes of 1 pe r cent aniline-
diphenylamine in acetone and one volume of 85 perce nt phosphoric acid 
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(Smith, 1960). The individual sugars, sucrose, glucose, and fructose 
were r evea l ed as brown, blu e, and red spots aft e r the chromatogram was 
deve loped for 12 hour s by asce ndin g technique, sprayed by th e color 
reagent, and heated in an oven at 212-222°F . for 2-5 minut es. The r e la-
ti ve Rf values for sucrose, glucose, and fructose were 0.13, 0.17, and 
0 . 23 r es pectivel y. 
Quantitative analy sis of the sugars was carried out by the color 
density of sugar-phenol-H 2so4 reaction as described by Dubois~ ~-
(1956). The individual sugar fractions were obtained by e luting the 
spots cut off from the pap er with 5 ml of water for 30 minutes. The 
solutions were filter ed through glass wool, and 1 ml of th e filtrate 
was placed into tubes. Blank sampl es were prepared by cutting from the 
chromatogram segment s of pap er which held no sugars . 
Aqueous phenol (1 ml of 5 percent redistilled reagent) and H2so4 
(5 ml of 36 N) were added, mixed, s t oppe r ed l ig htly, and th en allowed 
to cool for 30 minutes. The absorbance of the yellowish ora ng e so lution 
was dete rmin ed at 490 mi< on a Backman DU spectrophotometer. 
The observed optica l density was pl otte d against mg of sugars per 
ml. from the standard curves (lO t to 70 • ). Res ults were r eport ed as 
percentage of individual sugars present in the sauce by weight . 
Tannins 
Tannin-like substan ces in th e applesauce were determined by the 
Folin-Denis Reagent as describ ed in A.O .A.C. (1960). About 35 ml of the 
alcohol slurry were rapidly weighed to a tared 100 ml volumetric flask. 
The alcohol concentration in the s lurr y was l owere d from 80 to 60 per-
cent by adding 12 ml of di st ill ed water . The solution was made up to 
volume with 60 percent alc ohol, and filtered . Five ml aliquots from the 
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filtrate were used for the determination of tannins. 
A five ml aliquot was taken into a 100 ml volumetric flask contain-
ing 75 ml of distilled water. Five ml of Folin-Denis r eage nt (prepar ed 
according to A.O.A.C. method) and 10 ml of saturated Na2C03 solution 
were then added, and the solution was made up to volume with distilled 
., 
water. It was then thoroughly mixed, filtere\i i, and the absorbance was 
determined at 760 m_µafter 30 minutes. The observed optical density 
was plotted against mg of tannic acid per 100 ml from the standard curv e. 
Results were reported as mg of tannic acid per 100 grams of sample. 
Starch was determined by using anthrone-sulfuric acid reagent as 
outlin ed by Mccready,~~- (1950). About 30 grams of alcohol slurry 
were weighed and centrifuged. The residu e was washed with 30 ml of hot 
80 perc ent alcohol an<l cenlrifuged at 2500 r.p.m. This procedure was 
repeated three times. At this stage, the alcohol extract showed a nega-
tive t est with the anthrone-sulfuric reagen t. 
Ten ml of distilled water was added to the sugar free r esi due. The 
tube, together with contents, was cooled in an ice wa~eu ~bath. Thirteen 
ml of 52 percent perchloric acid was the n added to solubilize the resi-
due for 15 minutes with stirring. The degradated residu e was then 
diluted with 20 ml o./ distill ed water, stirred and centrifuged, and pour ed 
into a 100 ml volumetric flask. 
Fiv e ml of the filtrat e was pipett ed into a 500 ml volumetric flask 
and made up to volume by adding distilled water. An aliquot of 5 ml was 
pipetted int o 25 x 250 mm borosilicate glass tubes (pyrex). After cool-
ing th e tubes in an ic e water bath, ten ml of fresh anthrone-sulfuric 
acid reagent was added . 
The series of the tubes were heated together for 7.5 minut es at 
212°F., cooled rapidly to room temperature in a water bath, and the 
optical density at 630 mp. was determined. 
The amount of glucose observed was multipl~ed by 0.90 to co nvert 
it into starch. Results were reported as percentage of sauce weight. 
Color 
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The color of applesauc e was measured with a Hunter co l or and color 
difference meter. The reference color plate was a USDA color standard 
white plate with Rd value 86.0, a value -0.6, and b value +1 .2. The 
meaning of numerical values were that: 
Rd: Higher valu e represented the higher degree of luminous 
reflectance . 
a: Higher valu e represented the higher degree of redness. 
b: Higher valu~ represented the higher degree of yel l owness. 
The results of measur ement are presented in Tabl e 4, and the rela-
tionship of these values indicating the location which met the grade A 
sauce are shown in Figure 14. The procedure for routin e color measure -
ment of sample was carried out according to the instruction indicated 
by Henry (1950). 
Organic acids 
Separation of organic acid fraction. A portion of alco hol slurry 
containing about 10 grams of sauce was ce ntrifuged and washed with hot 
80 percent alcohol. The supernatant was passed through Dowex 1 anion 
ex chang e r es in in the formate form. The organic acids were eluted from 
the anion exchange resin with 6N formic acid. The fracti on was taken to 
dryness and stored in desiccators for the fu rther analysis. 
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Silica-gel column chromatorgraphy of Se.J:l§:rati~e individual 
organic acids. The organic acid fraction from the ab ove separation was 
dried in an oven for 15 minutes at 104 °F . to drive off all the formic 
acid. The sample was then placed in 6 N sulfuric acid and slurried with 
0.7 gram of silica gel. The sample was then transferred quantitatively 
to the top of a silica gel column prepa red as described by Yang, 1962; 
Neish, 1959 ; Schenker, 1953; and Kenworthy and Harris, 1960 . The consti-
tuent organic acids were eluted with a chlorofo rm-butan ol solvent system. 
One hundred and fifty fractions of 5 ml e lutes were collected in an auto-
matic fraction collector and titrated with 0.01 N NaOH using thymol blue 
as indicator . The individual organic acids were identifi ed by running 
the standard acids as references. The determination of the individual 
organic acids were estimated by calculating the area of peak revea l ed, 
and presented as milli - equivalents per 100 grams of sauce. Results are 
s hown in Table 8. 
Observation of Lyophoresis and Line Spread 
Measurement of Applesauce : 
Thes e experiments were conducted after the applesauce had been 
stored at least one month . 
Procedure for determining line spread as 
objective test for consistency as des -
cribed by Grawemeyer and Pfund_.J.!2ill 
(1) Place a flat glass plate on a diagram of concen tric circles 
one centimeter apart, the smal lest with a diameter of two inches 
(Figure 4). 
(2) Plac e a hollow cylinder over the smalles t circle. 
(3) Fill the cylinder with sauce (3/4" in height). 
(4) Leve l off th e sauce with spa tul a. 
(5) Car~ful ly lift the cyl ind er . 
(6 ) Allow the product to sp re;i d for two minut es. 
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(7) Read the distan ce the pr oduct sprea d at four widely separated 
points on t he cha rt. 
(8) Find the average of these four readings and record it as th e 
line spread for the sauce. 
A numer i cal value for lyophoresis was ob tained by measuring with a 
planimeter (Fi gur e 5) th e area between th e contou r of the liquid and the 
contour of the so lid mass of the sauce after th e sauce had s pr ea d for 
10 minu tes as described by Wiley and Toldby (1962). Res ults are shown 
in Table 9 . 
Organoleptic Evaluati on of Applesauce . 
Both the canned appl esa uce and reconstituted freeze-dehydrated 
applesauce were evaluated for color, texture, and flavor by a group of 
10 jud ges f r om ca r efu ll y selecte d and hi ghly trained lab ora t or y panel 
of fi ve men and five women, consist in g of faculty members and graduate 
st udents of Uta h State University. The panel members included only non -
smokers. 
The tasting sessions were cond ucte d at mid -morning and mid-afternoon 
in booths specially . designed for ,penso ry eva luation in Food and Nutriti on 
Laboratory. Water an~ _crack er ?· were pr ov id ed for the jud ges to rins e 
their mouths and remove aftertastes betwe en samples. At ea ch tasting 
session eac h judge rec e i ve d six samples. A rating scale i of ten was used: 
10, lik e ex tr eme ly; 9, lik e ve r y much; 8, lik e much; 7, like moderately; 
CHART FOR LINE SPREAD 
Fi gur e 4 . Diagram of concentric c ircl es used beneath a gl ass plate 
to measu re consist ency of sauce in tenns of lin e spread . 
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Figure 5. Photograph of planimeter used for l yop horesis measurement. 
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6, lik e slightly; 5, neither lik e nor dislike; 4, di s lik e slightly; 3, 
dislik e moderately; 2, dislike very ~uch; and 1, di s lik e extreme ly 
(Perya m and Girardot, 1952; Peryam and Pi l grim, 1957) . Mean ratings 
for each of the samples were based on ten judgments as i ndicated in 
Table 10. 
Statistical Analysis 
For interpreting th e results, sig ni fica nt diff er ences of those 
quality r e lat ed factors among treatment s of canned applesauce , were 
tested by usin g the split-plot de sign with factorial analysis. In 
comparison th e quality between canned and f r eeze -d ehydrat ed sauces, 
the l eas t significant difference (LSD) was used. Correlation coeffi-
c i ents were al so calculated to show th e correlations betw een f la vo r 
appraisal scores and those quali t y r e lat ed factors. The expe rimental 
desi gn for th ese met hods was desc ri bed by Snedecor (1957) ; Li (1964); 
and Cochran (1957). Results are shown in Table 13, Fi gur es 16, 17, 
18, and 19, and Appendix. 
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RESULTS AND DISCUSSION 
Canned Applesauce 
(1) Eighteen samples of canned applesauce from three varieties, 
three maturities, and post harvest storage were processed fo r the experi-
ment . The characteristics of the fresh apples used for sauce making 
are indicated in Table 1. The yield of sauce ranged from 30 to 45 
percent of th e fresh apple weight depending on the treated apples. The 
reason for the low efficiency of production might be due to the small 
scale of production causing the tremendous loss on machines during pro-
cessing. 
(i) Chemica l constituents in sauce . such as acids, sta rch, sugars, 
tannins, an<l volati}e reducing substances are the factors related t o 
the quality of sauce. Artalytical data are shown in Tables 3 to 7, and 
the effects of maturation a~d stor ag e on the changes of these factors 
in sauce from Jonathan, Red Delicious, and Rome Beauty are shown in 
Figures 6. to 13. It was observed that acids and tannins which are r es -
ponsible for astringency in taste decreased in sauce with increased matura-
tion of apples, while sugars and volatile reducing substances increased 
in all t~r ee of the varieties. This can be interpreted to mean that, 
during the ripening of fruits, tannins may be hydrolyzed by acids into 
hydroxy derivatives of aromatic series, and acids can be utilized either 
as partial substrate in respiration or in th e formation of proteins, 
volatile substance~, arid other materials. The prominent decline of 
starch, accompaning th e increase of sugars in sauce . from all stages of 
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maturity reflected that starch was broken down to suga rs through the 
enzymatic reaction during the ripening of fruits. Results coincided 
with thos e of Smock an d Neubert (1950) and Luh and Kamber (1963). The 
significant differences of thos e quality related factors were caused by 
the mai n effects, variety, maturity, and storage, as well as interactions 
as refer t o th e analysis of variances in Appendix. 
(3) The data for t4 e main organic acids, which are responsible for 
the acidity in sauce: are present in Table 8. Malic, citric, and succinic 
acids were the principal acids observed in Jonathan and Red De licious 
apples, while in Rome Beauty apples, an additional peak of malonic 
acid was observed. The effects of maturation and stor ag e on the changes 
of acids on sauce ; from these three varieties are shown in Figure 15. 
It is apparent that genetic, climatic, and vnutritional factors all 
influ ence the total acidity of apples and the relative proportions of 
individual acids making of the total acidity of apples. In addition, 
it is possible to speculate that th ese genetic, climatic, and nutritional 
variations create a metabolic-enzymatic envirorunent that causes the 
respiratory products to differ and be reflected in th e kinds and total 
amounts of acids found in the different samples. 
(4) Through the flavor appraisal evaluation of the taste panel 
in Table 10, the sauce from Jonathan apples gained the highest score 
either at the firm stage of maturation or after storage . This can be 
explained by the fact that most tasters preferred the Jonathan apple 
variety becaus e of its desirable balance of sugars, acids, and tannins 
content. In this study, sauce prepared from Jonathan apples contained 
about 0.5 to 0.6 percent of total acidity, with a soluble solids content 
of about 18 percent and consequently, a soluble-solids/acidity ra t io of 
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30 to 36 was obtained. The sauce from Re d Deli cious, as conf irmed by 
the line spread and ly ophores is measu reme n t , was shown to be more juicy 
in consi stency tha n th e o ther t wo varieties in all t.he stages of treat-
ment. As stated by Wiley and Toldby (1962) , consisten cy is an impo rtant 
quality criterion. Thus, the higher degr ee of liq uid separat ion in Red 
Deliciou s apples sho wed. less de s irable characteristic s. Also , higher 
content of sugars and l owe r c0ri tent of acids rai sed th e solub le-solids/ 
acidity rati o up t o 70 and conse quently, a l ower pa'lel SC<,te si nce most 
tasters do not prefer the sweet caste in sauce. The sa,1ce fro m Rome 
Beauty apples showed less desirable quality al so . 
(5) Figure s 16, 17, 18, and 19 pres e nt the correh .ti ons between 
the flavor appraisal scores and those qualit y related factors . Correla-
tion coefficients for starch 1 tannins, soluble-solid s/acidi ty, and vola-
tile reducing substances we r e -0.55, -0 .32 , 0 . 28, and 0.30 r e spectively. 
As stated by Snedecor (1.9.57), the higher th e absolute value of correlation 
coefficient repre sen ted th e higher degree of correlati.on be tween the com-
pared variables . There fore, the conclusion c an be drawn that the star ch 
content in the apple s: is more significantly correlated t o the quality 
of sauce than the o th e r quality r e lated fa c tor s . The fact that tannins , 
soluble-solids/acidit y rati o, and volatile reducing substances have 
smaller values o f correlation c oefficient s suggest th e possibi lity that 
interactions exist among the se factors. 
Free ze- Dehydrated Appl esauce 
(1) With freeze-dehydrated applesauce, i.t: was found that. most of 
the free moisture could be removed succe sfull. y by using the Hull Freeze-
Dehydration Unit. Liq u id n itr og en was used co .free 2.e the sau ce quickly. 
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As indicated in Table 11, 95 percent of the moisture could be removed 
from the sauce of Jonathan apples, while the sauce from Red Delicious 
showed less desirable characteristics. Thi s might be due to the higher 
water holding capacity in cells of Red Delicious, acting as a barrier 
for sublimation . 
(2) The typical drying curve for applesauce showing plate and 
product temperature, vacuum changes, and moisture reduction is shown 
in Figure 20. It was found that 15 hours is the optimum period for a 
desirable product . Methods to reduce the cost of production by shortening 
the drying period, or finding better condition for drying provide goals 
for future study. 
(3) Qualit y comparisons between canned and reconstituted freeze-
dehydrated applesauce , are indicated in Table 12. Although there were 
slight differences in color, acidity, volatile reducing substances, and 
flavor appraisal scores, they showed no significant difference as analyzed 
by the least significant differences (LSD) in Table 13. 
(4) In a comparison with canned applesauce, the texture appraisal 
scores of reconstituted sauces were fairly low in all three varieties. 
The assumption is made that this might be due to the destruction of cell 
structure during dehydr ation, thus we could not obtain the same consis-
tency as the original sauce when it was reconstituted with water. 
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Table 1. Some characteristics of fres h apples used for sauce making. 
Apple 
Varieties 
Jonathan 
Red Delicious 
Rome Beauty 
Date of 
Harvest 
September 4 
September 25 
October 15 
September 4 
September 25 
October 15 
September 4 
September 25 
October 15 
Sizes 
of 
Fruits 8 
2.0-2.5 
3 .0 
3.0 
2 . 3-2.8 
3 . 0-3.5 
3.0 - 3.5 
2 . 5- 3.0 
3.0 - 3.5 
4.0 
Pressure Testb Soluble Solids~%17 
At ___ After - - At After 
Harves t Storage Harvest Storag e 
18 
12 
10 
13 
12 
10 
22 
14 
13 
10 
9 
8 
11 
11 
8 
13 
10 
10 
10 .0 
13 . 0 
13.0 
11.5 
14.0 
14 .5 
9.0 
11.5 
12 .5 
12.0 
12 . 5 
13.5 
12.0 
14.0 
14.6 
12.0 
13 . 0 
14.0 
8 Expressed as inches in diameter of fr uits from the average of five 
samples. 
bExpressed as pounds by using th e Magness-Taylor pressure t es ter with 
tip of 7/16 inches. 
cMeasured with Zeiss Opton refractome ter at 68°F. 
Table 2. Yield of sauce from apples. 
Fresh apples Sau ce 
Weight (l~ Weight (lbs) Yield (%) 
Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harvest Storage 
Jonathan September 4 35 33 14.0 9.0 40 30 
September 25 36 31 13.0 12.0 36 40 
October 15 34 35 13.5 16.0 40 45 
Red Del icious September 4 28 34 12.7 13 . 0 45 38 
September 25 35 31 12.0 11.0 35 36 
October 15 32 37 11.5 15.0 36 40 
Rome Beauty September 4 40 35 16.0 13.5 40 38 
September 25 42 35 14.0 15.0 34 43 
October 15 35 37 14.5 15.0 41 40 
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Table 3. Acidity, pH, and the ratio of so lubl e solids to acidity of 
canned applesauce 
Acidity (% as Soluble Solids 
H t!alic acid) ~cidity ratio 
Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harv est St orage 
Jonathan September 4 3.40 3.40 0. 72 0 . 70 25 26 
September 25 3 .45 3.55 0.67 0.62 27 29 
October 15 3.55 3 . 65 0.55 0.53 33 34 
Red Del icious September 4 4.10 4.10 0.27 0.23 67 78 
September 25 4.00 4.15 0.26 0.26 69 69 
October 15 4.20 4 . 25 0 . 24 0.24 75 75 
Rome Beauty September 4 3.50 3.55 0.63 0.58 28 31 
September 25 3.60 3.75 0.65 0.51 28 35 
October 15 3.65 3.70 0.49 0 .43 37 42 
Table 4. Color measurement of sauce by Hunter co lor and color difference 
meter. 
Hunter colo ra 
Rd a b 
Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harvest Storage 
Jonathan September 4 46.1 47.5 -4.5 -3.9 14.6 18.0 
September 25 46.0 45.6 -4.2 -2.0 17.3 13 . 5 
October 15 46.6 46.7 -4.2 -3.3 17.3 19 .1 
Red Delicious September 4 41.2 40.4 -3 .5 -0.9 16 . 1 18.6 
September 25 40.1 40.2 -3.9 - 0 . 8 19.3 13 . 8 
October 15 43.1 30.7 -1.8 -1.4 16.4 13 . 8 
Rome Beauty September 4 40.4 39.5 -2.6 0.2 13 . 0 15.4 
September 25 43.7 38.3 -3.2 2.5 16.4 15.5 
October 15 45.3 38 . 8 -J . O 1.5 17.3 16.3 
aThe meter was sta ndardiz ed with the USDA standard plate (white) Rd:86, 
a:<:o' . 6; and b:1.~. 
Meaning of numerical va lues : 
Rd: Higher value represented the higher degree of luminous ref l ec-
tance. 
a : High er value represented the higher degree of redness . 
b: High er value repr ese nted the higher degree of yellowness. 
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Table .5. Tannins, Starch, and Volatile reduclng substances in canned 
applesauce . . 
Tannins a Starch (%) VRS5 
Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harvest Storage 
Jonathan September 4 85.0 89.5 1.98 0.96 80.4 120.6 
September 25 71.0 68.5 1.55 1.12 147 . 0 227.8 
October 15 70.0 69 . 5 0.52 0.23 281.0 227.8 
Red Delicious September 4 91.0 83.4 3.01 0. 70 67.0 93.0 
September 25 66.3 71.6 2 . 26 1. 23 100 . 0 227.0 
October 15 67 . 7 72. 7 1.94 1.19 152 .0 227.0 
Rome Beauty September 4 115.0 91. 8 3 .43 1.50 67.0 147. 0 
September 25 66 . 1 55.8 2 . 50 0.64 120.0 241.0 
October 15 60.9 63.7 1. 74 1.26 213.0 281.0 
aExpressed as mg of tannic acid per 100 grams of sauce. 
bvolatile reducing substances as ...t,( equivalent per 100 grams of sauce. 
Table 6. Total and free reducing sugars ln sauce by eerie sulfate 
titration method. 
Total reducing Free reducing Non reducing 
sugars (%)a sugars (%)a sugars (%)a 
Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harve st Storage 
Jonathan September 4 7.76 8.51 6 .21 6.75 1. 55 1. 76 
September 25 8.94 9.66 6.84 7.20 2.10 2.46 
October 15 9.96 11.04 7 .00 7.94 2. 96 3.10 
Red Delicious September 4 8.48 9.36 6.08 7.51 2.40 1.85 
September 25 9.54 11.26 7.99 8.26 2.5.5 3.00 
October 15 12.24 13.30 8.20 8,70 4.04 4 .60 
Rome Beauty September 4 7.09 7 . 32 6.12 7.20 0.97 0.12 
September 25 7 . 74 7.82 6 .42 7.40 1.32 1.40 
October 15 8.41 9.30 6.86 7 .80 1.55 1.50 
a.Presented as percent of dextrose equivalent in 100 grams of sauce. 
bobtal.ned by difference (dextrose equivalent) between total and free 
reducing sugars . 
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Table 7. Identificationa and determinationb of individual sugars 
(in sauce ) by paper partition chromatography. 
Glucose {%) Fructose {%2 Sucrose {%)€ 
Apple Date of At After At After At After 
Varieties Harvest Harvest Storage Harvest Storage Harvest Storage 
Jonathan September 4 1.1 0.9 5.2 5.8 1.5 
September 25 0.8 1.0 6.0 6 . 2 2.0 
October 15 1. 3 1.0 6.7 6.9 3.0 
Red Delicious September 4 0 . 8 1.1 5.3 6.5 2.4 
September 25 0 . 7 1.2 6.3 6.9 2.6 
October 15 1.2 1.4 7 .4 7.5 4.1 
Rome Beauty September 4 1.3 1.4 4.8 5.6 1.0 
September 25 1.5 1.5 5.1 5.9 1.3 
October 15 1.6 1.6 5.5 6.3 1.6 
aButanol: acetic acid: water= 4: 1: 5 used as solvent. Samples 
were spotted on Whatman No. 1 paper, and developed for 12 hours at 
68°F. by ascending chromatography. 
bThe optical density of yellow-orange color by sugar-phenol-sulfuric 
acid reaction measured after the sugar spots were eluted from paper 
with water. 
cRf value 0.17 in blue color spot after the chromatogram was sprayed 
with aniline-diphenylamine reagent. 
dRf value 0 . 23 in red color spot after the chromatogram was sprayed 
with aniline-diphenylamine reagent. 
eRf value 0.13 in yellow-brown color spot after the chromatogram was 
sprayed with aniline-diphenylamine reagent. 
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Figure 14. Hunter color and color differences values indicating 
degree of y e llowness on sauce ' from diff erent varieties, 
maturities, and storages . 
Table 8. Organic acids contained in sauce : from the three varieties of apples. a 
Malic Acid Citric Acid Succinic Acid 
Date of At After At After At After 
Varieties Harves t Harvest St orage Harvest Storage Harvest Storage 
Jonathan Sep t ember 4 5. 60 2. 96 3.80 o. 72 2.00 0.54 
September 25 6 . 84 3.00 2.80 0 .5 0 1.00 0.45 
Octobe r 17 5.20 4. 96 0.60 0.40 0.50 0.48 
Red De licious Sep t ember 5 4.16 6.24 1.55 0.88 1. 52 0.72 
Septem ber 25 4.00 3.50 0 . 80 0.65 0 . 70 0.50 
October 17 3.50 3.45 0.50 0 . 50 0.30 0.20 
Rome Beauty Sep t ember 5 7. 28 3 .50 0.96 0.80 0.88 0.60 
September 25 6.25 3.00 0 .9 0 0.81 0.75 0 .5 5 
October 17 3 . 36 2.50 0 . 88 0.72 0.64 0 . 50 
aExpr es s ed as milli-equivalents per 100 g of sauce . 
Malanie Acid 
At After 
Harvest St orage 
2.00 0.88 
1.40 0 . 70 
1.00 0.16 
"' N 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
b() 
0 1.0 0 
.., 
---
U) 
.,, 
.,., 5.0 u 
"' u 4.0 .,., 
" "' b() 
... 3.0 0 
"' 0 
µ 2.0 
" Q) .., 1.0 
"' ;, .,., 
;:, 
O" 
Q) 7.0 .,., 
.., 
.., 
.,., 
6.0 8 
5.0 
4 . 0 
3.0 
2 . 0 
1.0 
Se pt. 
Fi gur e 
5 
15 . 
----
------....._ 
........ 
" 
" 
" 
Sept . 25 
Har ves t ed dat es 
........ 
Jonathan 
~~~- Malic acid 
---- Citric acid 
uo~ ~eo-~ o Succi ni c a i d 
6,,--,t;A!>---.6u Malanie ac d 
........ 
'"""---
Red De lie ious 
-- ··- -----
Rome Beauty 
Oct. 17 Dec . 15 
St ore'd· iat J2°E, 
90% R.H. 
Ef f ect of matu r a ti on and stor age on th e changes 
of or gani c ac id s in s auce f rom thr ee va ri e ti es. 
43 
44 
Table 9 . Measurement of consis t ency of sau ce in terms of line spre ad 
and ly ophores i s. 
Line spread Lyophoresig Per cent water 
'(nnn2 a area (cm2) increased (%)c 
Dat e of At Af t er At After At 
Varieties Harvest Harvest Storag e Harv es t Storage Harvest 
Jonathan September 4 8 10 6.78 8.63 25.67 
September 25 12 10 10 . 55 8 . 63 34.96 
October 15 12 10 10.55 8 .63 34.96 
Red De l icio us September 4 40 40 43.96 43. 96 69.13 
Septemb er 25 30 25 30.61 24 .53 60 .9 3 
October 15 35 15 37.09 13.54 65.39 
Rome Beauty Sep tember 4 11 4 9.58 3.26 32.79 
Sep tember 25 6 8 4.99 6.78 20.27 
October 15 6 9 4.99 7.70 20.27 
aReadings were taken f rom the average of f our directions after two 
minute spreading . 
After 
Storage 
30.54 
30.54 
30.54 
69.13 
55.55 
40 .80 
14.25 
25.67 
28.17 
bData were obta ined by plani meter from the average of three r e plicati ons 
a fter 10 minute spr eading. 
cObtain ed fr om the ratio of l yo phoresis area and the total area of 
spreading. 
Table 10. Organoleptic evaluation of canned applesauce 
Aeeraisal score 
Color Flavor Texture Remarks 
Date of At After At After At After At After 
Varieties Harvest Harv es t Storage Harvest Storage Harvest Storage Harvest Storage 
Jonathan Sept ember 4 8.6b 9.2b 7.6 7.6 7.7 7.7 bright, thick, sour, 
8.6b 8.9b 8.0b 8.0b 
smooth light 
Sep t ember 25 7 .4 7. 7 sl. tart, smooth, tart 
9.4b 9.5b 8.9b 8.8b 8.7b 8.6b 
bright 
October 15 sl. grainy, smooth, tart 
flavorful 
Red Delicious Septemb er 4 7.8 7.6 7.7 6 .8 8.2b 5.9 sweet, mild- runny, mushy, 
flavor, bland- watery, sweet, 
color flat, dull 
September 25 7.9 7.9 8.lb 7.2 8.6b 7.9 not much sweet, bland, 
flavor flat, sl. 
8.3b 8.2b 8.2b 8.3b 
grainy 
October 15 7.8 7.8 light but watery, mild 
dull flavor, little 
grainy 
Rome Beauty September 4 8.5b 7.6 7.9 8.ob 7.7 7.6 sl. flat, smooth and 
bland consistent, 
flavor flat 
September 25 6.8 6.5 8.ob 7.8 7.6 7.7 smooth, oxidized 
oxidized flavor 
flavor, 
October 15 6.7 6.9 7.8 7.6 8,0b 
darker 
7.6 oxidized smooth, thick, 
flavor, bad after taste 
darker 
aAppraisal scores were expressed as the average of three replications by t en judgments. "' \.n 
bMeet the requirements of grade A (Fancy) sauce according to USDA grade standard. 
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Fig ur e 16 . Corr elation between flavor appraisal sco r e s and volatil e 
reducing substances in sauce : from 3 varieties of apples. 
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Figure 17. Correlation between flavor appraisal scores and soluble 
solids/acidity ratio in sa uce from 3 va ri eties of 
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Figur e 19 . Corre l ation between f la vor appraisal sco r es and t annin s 
contained in sauce f r om 3 va ri eties of appl es. 
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Table 11. Moisture reduction of freeze-dehydrated applesauce from 
three varieti.es. 
Moisture (%) 
Apple before Sauces 
Varieties dehydration a Weight(g) 
Jonathan 80 740 
Red Deli cious 83 805 
Rome Beauty 81 760 
aDried at 158°F. (70°C.) for 7 hours. 
bCalculated from the formula 
Dry 
Weight(g) 
172.5 
225 . 0 
185.0 
dry weig ht 
Weightb 
Reduction( %) 
76 . 69 
72 .0 5 
75 . 66 
Weight reduction(%)= Ci-sauce weight) x 100 
Percentage 
of moisture 
removed 
95.86 
87.35 
93 .40 
Moistur e 
loss (%) (OF) 
10 180 
9 160 
80 140 
70 120 
60~ 100 
"[ 
80 
40 60 
30 40 
" [ ,0 10 0 
0 - 20 
0 2 
Moisture loss 
Shelf temp erature 
roduct t empera t ure 
Vacuum pressur e 
4 8 10 12 14 16 18 20 
Hours 
Pressure 
(micr on) 
160 
140 
120 
100 
80 
60 
40 
20 
Figur e 20. Typical drying curvesfor app l esauce show plate and product temperature, 
vacuum change, and moisture loss versus time. 
""' '° 
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Tabl e 12. Quality comparison be tween canned and reconstituted freeze-
dehydrated applesauce a 
Jonathan Red Delicious Rome Beauty 
Freeze- Freeze- Fr:eeze-
Canned dehydrated Canned dehydrated Canned dehydrated 
Color 
Rd 47.5 46.3 40.5 41.6 40.2 38.5 
a -3.5 -4 .2 -2 . 0 - 3.5 -3.0 -2.6 
b 18 . 0 17.0 15 .0 13.8 15.5 16.0 
VRSb 225.0 220.0 251.4 234.1 281.0 260.0 
Acidityc 0.55 0.54 0.25 0.26 0.45 0.43 
Appraisal Scored 
Color 9.0 9.2 8.1 7.5 8.4 8.5 
Texture 8.5 6 . 0 8 . 0 6.5 8.0 6 . 5 
Flavor 8.8 8.5 7.8 7.0 7.8 8.0 
aReconstituted freeze-dehydrated applesauce was prepared by the addi -
tion of distilled water in the amount according to weight reduction . 
bVolatile reducing substances expressed as m. equivalent per 100 grams 
of sauces . 
cReported as percent of malic acid. 
dAppraisal scores were the average of ten judgments. 
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Table 13. Comparison between canned and reconstituted-freeze-dehydrated 
applesauce . tested by the least significant differences (LSD). 
Attributes Processing LSD LSD 
comeared Varieties Treatment Mean Diff erence {5%) {1%) 
Color Jonathan Canned 9.0 0.2 0.42 
Dried 9.2 
Red De lie ious Canned 8.1 
Dried 7.5 0.6 0.88 
Rome Beauty Canned 8.4 
Dried 8.5 0 . 1 0.22 
Texture Jonathan Canned 8.5 
Dried 6.0 2.5*'' 0.69 0.94 
Red Delicious Canned 8.0 
Dried 6.5 1.5 >1-* 0.92 1. 27 
Rome Beauty Canned 8.0 
Dried 6.5 1. 5*'' 0.80 1.09 
Flavor Jonathan Canned 8.8 
Dri ed 8.5 0.3 0 . 74 
Red Delicious Canned 7 . 8 
Dri ed 7.0 0.8** 0.56 0 . 77 
Rome Beauty Canned 7.8 
Dried 8.0 0 . 2 1.05 
Volatile reducing 
substances Jonathan Canned 225 .0 
Dried 220.0 5 . 0 35 .0 0 
Red Delicious Canned 251.4 
Dried 234 .1 17.3 42.00 
Rome Beauty Canned 281.0 
Dried 260 . 0 21.0 28 . 00 
** Significant at 1 percent level. 
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SUMMARY AND CONCLUSIONS 
Canned applesauce . prepared from three varieties, Jonathan, Red 
Delic ious, and Rome Beauty grown in Utah, .. wa·s studied at three stages 
of maturations and post harvest storage treatment in regard to chemical 
constituents, physical properties, and f l avor characteristics. 
Chemical constituents such as acids, sugars, starch, tannins, and 
volatile reducing substances are the factors related to the quality of 
sauces. The significant differences of those quality related factors 
were caused by the main effects, variety, maturity, and storage, as well 
as interactions. 
Acids and tannins which are responsible for astringency in taste 
decreased in sauce with the increase of maturation of the apples. 
Sugars and volatile reducing substances increased in all of the three 
va ri eties with increased maturation of the fruits. The prominent decline 
of starch, accompaning the increase of sugars ref l ected that starch was 
broken down to sugars through the enzymatic reactions during the ripening 
of fruits. 
Organoleptic evaluation showed preferences in 18 different samples. 
The sauce from Jonathan apples gained the highest score eithe r at firm 
stage of maturation or after storage . The sauce from Red Delicious, 
as confirmed by the line spread and lyophoresis measurement, ,.was, more 
juicy-lik e than the sauce from the other two varieties in all the stages 
of treatm ent. The sauce from two months post harvest storage of Rome 
Beauty gained lo wer scores than sauce from the fresh apples . 
With freeze-dehydrated app l es auc e, it was found that most of the 
free moistur e could be removed successfully by us!ng the Hull Freeze -
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Dehydration Unit . Liquid nitrogen was used to freeze the sauce quickly. 
About 95 percent of moisture could be removed from the sauce of Jonathan 
apples, while the sauce from Red Delicious showed less desirable charac-
teristics. This might be due to higher water holding capacity in cells 
of Red Delicious, acting as a barrier for sublimation. 
Freeze-dehydrated applesauce ·.was· also manufactured in an attempt 
to compare the quality with canned applesauce. The slight differences 
in color, acidity, and volatile reducing substances as well as organolep-
tic evaluation showed no statistical significant difference between 
canned and reconstituted sauce . However, the texture appraisal score 
of reconstituted sauce were fairly low in all the three varieties. The 
assumption is made that this might be due to the destruction of cell 
structure during dehydration, thus we could not obtain the same consis-
tency as the original sauce when it was reconstituted with water. The 
texture of the reconstitut ed sauce may be improved by adjusting the 
amount of water. 
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Table 14. Analysis of variance on pressure test readings of fresh apples. 
Degree of Sum of Mean 
Source of variance freedom square square F value 
Variety 2 86 . 33 43. 17 45.93** Storage 1 192. 66 192. 66 204.96** Variety x Storage 2 . 32.34 16.17 17: .. 201'* 
Error a 12 11.33 0.94 
Stage 2 204.33 102.17 44.81>1-k 
Variety x Stage ·4 38.67 9.67 4. 24*'< 
Storage x Stage 2 44.34 22.17 9. 72** 
Variety x Storage x Stage 4 18.66 4.67 2.05 
Error b 24 54.67 2.28 
Total 53 683.33 
'"' Significant at 1 percent level. 
Table 15. Analysis of variance on soluble solids of fresh apples. 
Degree of Sum of Mean 
Source of variance freedom square square F va lu e 
Variety 2 2262.04 1131.02 19. 70''* Storage 1 1300.46 1300.46 22. 65''* Variety x Storage 2 717. 59 358.80 6. 25,, 
Error a 12 688.89 57.41 
Stage 2 6770.37 3385.19 83. 09'"' Variety x4_Stage 4 115. 74 28.94 0. 71 Storage x Stage 2 559.26 275.63 6.86** Variety x Storage x Stage 4 226.85 56 .71 1.39 Error b 24 . 977.78 40.74 
Total 53 13618.98 
* Significant at 5 percent level. 
~b'. Signific ant at 1 percent level. 
t 
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Table 16. Analysis of variance on pH of sauce . . 
Degree of Sum of Mean Source of variance freedom sguare sguare F value 
Variety 2 4 . 127500 2.063750 1438.15** Storage 1 0. 077824 0.077824 54.23** Variety x Storage 2 0.001203 0.000602 0.42 Error a 12 0.017223 0.001435 Stage 2 o. 263611 0.131806 33.50'°'* Variety x Stage 4 0.038889 0. 009722 2.47 Storage x Stage 2 0.023981 0.011991 3 . 05 Variety x Storage x Stage 4 0.007408 0.001852 0.47 Error b 24 0 . 094444 0.003935 
Total 53 4.652083 0.087775 
'"" Significant at 1 per cent level. 
Table 17. Analysis of variance on acidity of sauce . . 
Degree of Sum of Mean 
Source of variance freedom sguare sguare F value 
Variety 2 1.437360 0.718680 2340. 98** Storage l 0 . 025785 0.025785 83.99** Vari ety x Storage 2 0. 011603 0 . 005802 18. 90*"< Error a 12 0.003689 0 . 000307 Stage 2 O.ll.0682 0.055341 56.47M, Variety x Stage 4 0.043695 0. 010924 11.15 ** Storage x Stage 2 0.003304 0.001652 1. 69 Variety x Storage x Stage 4 0.006475 0.001619 1.65 Error b 24 0.023511 0.000980 Total 53 1. 666104 
'"' Significant at 1 percent level. 
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Table 18. Analysis of variance on soluble-solids/acidity ratio of sauce .. 
Source of Degre e of Sum of Mean 
variance freed om square square F value 
Variety 2 . 21435. 933070 10717 . 966535 1203.22** 
Storage 1 162.968816 162 . 968816 18. 30irl, 
Variety x Storage 2 29.034634 14.517317 1.63 
Error a 12 106.892533 8.907711 
Stage 2 555.949159 277.974580 4. 68* 
Variety x Stage 4 71.501908 17 . 875477 0.30 
Storage x Stage 2 15.126745 7.563373 0.13 
Varie_ty x Storage 
x Stage 24 1426.907667 59.454486 0 . 55 
llrror b '}.4 131.858788 32.964697 
Total 53 23936 .173320 
* Significant at 5 percent level . 
M, Significant at 1 percent level. 
Table 19. Analysis of variance on Rd value of sauce : . . 
Degrt!~ of Sum of Mean 
Source of variance freedom square square F value 
Variety 2 499.2771 249.6386 3200 . 50** 
Storage 1 102.7824 102.7824 1317 . 72M, 
Variety x Storage 2 65.9748 32 . 9874 422 . 92i'* 
Error a 12 0.9355 0.0780 
Stage 2 3.9737 1.9869 23.02** 
Variety x Stage 4 65.1374 16.2844 188 , 70in> 
Storage x Stage 2 90.4182 45.2091 523. 86*'' 
Variety x Storage x Stage 4 84.6062 21.1266 244.80M, 
Error b 24 2. 0712 0.0863 
Total 53 915.0765 
in< Significant at 1 percent level, 
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Table 20. Analysis of variance on 11a 11 value of sauce .. 
Degree of Sum of Mean 
Source of variance freedom square square F value 
Variety 2 31 .1 633 15.5817 187.06** 
Storage 1 33.6066 33.6066 403 .44' '* 
Variety x Storage 2 1.7034 0.8517 10.23** 
Error a 12 1.0000 0.0833 
Stage 2 0.6933 0.3467 9.91*'' 
Variety x Stage 4 10.5767 2.6442 7 5. 55;<1, 
Storage x Stage 2 2.8134 1.4067 40.19*'' 
Variety x Storage x Stage 4 7.1766 1. 7942 51.26'"' 
Error b 24 0.8400 0.0350 
Total 53 89.5733 
** Significant at 1 percent level. 
Tab le 21. Analysis of variance on 11b 11 value of sauce . . 
Degree of Sum of Mean 
Source of variance freedom square square F value 
Variety 2 8.8900 4.4450 74. 33>'* 
Storage 1 2 .2407 2.2407 37 .47 '"' 
Variety x Storage 2 14.5919 7.2958 122.00** 
Error a 12 0. 7178 0.0598 
Stage 2 6.6078 3.3039 31.29;"' 
Variety x Stage 4 54.4355 13.6089 128.87;'* 
Storage x Stage 2 86.4604 43.2302 409. 38;,,, 
Variety x Storage x Stage 4 17.3208 4.3302 41. 01>'* 
Error b 24 2.5355 0. 1056 
Total 53 193.8000 
frl, Significant at 1 percent level. 
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Table 22 . Analysis of variance on tannins of sauce .. 
Degree of Sum of Mean 
Source of variance freedom sguare sguare F value 
Variety 2 333.8715 166.9358 27. 03*'' Storage 1 905 . 2817 905.2817 146. 60*1, Variety x Storage 2 291.3877 145 . 6939 23.59'"'' Error a 12 74.1023 6.1752 Stage 2 6465.8004 3232.9002 1276.06'"'' Variety x Stage 4 812.9763 203.2441 80. 22,b', Storage x Stage 2 133.5544 66. 7772 26.36** Variety x Storage x Stag e 4 111. 7578 27.9395 11.03** Error b 24 60.8044 2.5335 Total 53 9189.5365 
'"'' Significant at 1 percent level. 
Tabl e 23. Analysis of variance on starch of sauce, . 
Degree of Sum of Mean 
Source of variance free dom sguare sguare F value 
Variety 2 6 .415433 3. 207717 1436.51''* Storage 1 17.001666 17.001666 7613.81'""' Variety x Storage 2 1.992634 0.996317 446. 181&. Error a 12 0.026800 0.002233 Stage 2 5.524133 2.762067 558. 90*'' Variety x Stage 4 2.485067 0.621267 125.71' "'' Storage x Stage 2 3.498534 1. 749267 353. 96ic-l, Vari ety x Storage x Stag e 4 1.032866 0.258217 52. 25*'' Error b 24 0 .118600 0.004942 Total 53 38.095733 0.718787 
'>''* Signifi cant at 1 percent level. 
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Table 24. Analysis of va rianc e on volatile reducing substances of sauce .. 
Degree of Sum of Mean 
Source of va ri ance freedom square ~uare F.value 
Variety 2 15355 . 8460 7677. 9230 31. 05** 
Storage 1 39517.3452 39517.3452 159 . 76** 
Variety x Storage 2 4239.0236 2119. 5118 8.57** 
Error a 12 2967.6556 247.3046 
Stage 2 ll8509. 2182 59254 . 6091 244.27** 
Variety x Stage 4 1170. 6695 317.6674 1.31 
Storage x Stage 2 1112.1626 556. 0813 2.29 
Variety x Storage x Stage 4 5944. 6920 1486.1730 6.131<>', 
Error b 24 5821. 9577 242.5816 
Total 53 194738 .5704 
** Significant at 1 perc ent level . 
Table 25. Analysis of variance on free reducing sugars of sauce . . 
Degree of Sum o[ Mean 
Source of variance freedom square square F value 
Variety 2 7.802682 3.901341 70. 72'"* 
Storage 1 8.338674 8.338674 151.15 ** 
Variety x Storage 2 0.348014 0.174007 3 . 15 
Error a 12 0. 662023 0.055169 
Stage 2 11. 254248 5.627124 303 . 45>'ck 
Variety x Stage 4 2 . 230963 0.557741 30.08** 
Storage x Stage 2 0.495048 0.247524 13. 35*1, 
Variety x Storage x Stag e 4 0.871430 0.217858 11. 75** 
Error b 24 0.445044 0.018544 
Total 53 32.448126 
** Significant at 1 percent level. 
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Table 26. Analysi s of variance on total reduci.ng sugar s of sauce . . 
Degre e of Sum of Mean 
Sour ce of varian c e freedom sg u.are sg ua :re F va.lue 
Variety 2 68.06 3700 34.031850 2537.61** 
Storage l 9 . 151350 9.151350 682 . 38** 
Variety x Storage 2 1.51 7700 0. 758850 56. 58>'<">< 
Error a 12 0 . 160933 0.013411 
Stage 2 62 . 535100 31. 267550 1907 . 26** 
Variety x Stage 4 7 . 922900 1. 980725 120 . 82** 
Storage x Stage 2 0 . 344100 o. 172050 10.49** 
Variety x Storage x Stage 4 0.919500 0.229875 14.02** 
Error b 24 0 . 393467 0.016394 
Total 53 151. 008750 
''* Significant at 1 percent level. 
Table 27. Analysis of variance on non-reducing sugars of sauce . . 
Degr ee of Sumo[ Mean 
Source of variance freedom square square F value 
Variety 2 35.293848 17.646924 340 .22 ** 
Storage l 0.018890 0.018890 0.36 
Variety x Storage 2 2.870849 1 . 435425 27 . 67** 
Error a 12 0 . 622422 0.051869 
Stage 2 22.491481 11. 245 741 297 .62 ** 
Variet y x Stage 4 4.10.5997 1.026499 27 . 17''* 
Storage x Stage 2 1 . 284682 0.642341 17 . 00''* 
Variety x Storage x Stage 4 2.352595 0 . 588149 15 . 57** 
Error b 24 0 .9 06845 0.037785 
Total 53 69.947609 
** Significant at 1 per cent level. 
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Table 28. Analysis of variance on lyophore sis ar ea of sauce .. 
Degree of 
Source of variance freedom 
Variety 2 
Storage 1 
Variety x Storage 2 
Err or a 12 
Stage 2 
Variety x Stage 4 
Storage x Stage 2 
Variety x Storage x Stage 4 
Error b 24 
Total 53 
* Significant at 5 percent level. 
*'' Significant at 1 percent level. 
Sum of Mean 
sguare square F value 
7626.018344 3813. 009172 3066.6 7** 
163.316446 163.316446 131.35** 
213.168627 106.584314 5.30* 
14.920466 1.243372 
276.605478 138.302739 96.31 ** 
780.559645 195.139911 135.89 ** 
63.571337 31.785669 22 .13'"' 
310 . 091806 77 . 522952 53.98** 
34.465001 1.436042 
9482 . 717150 
Table 29. Analysis of variance on color appraisal scores of sauce . . 
Degree of 
Source of variance freedom 
Variety 2 
Storage 1 
Variety x Storage 2 
Error a 12 
Stage 2 
Variety x Stage 4 
Storage x Stage 2 
Variety x Storage x Stage 4 
Error b 24 
Total 53 
* Significant at 5 percent level. 
-i'n~ Significant at 1 percent level . 
Sum of Mean 
square square F value 
32.5300 16 . 2650 218. 62>'* 
0.0067 0.0067 0.09 
0.9433 0.4717 6.34'' 
0.8633 0.0744 
2.0100 1.0050 11. 78'"' 
7.3400 1.8350 21.51''* 
0 . 3633 0.1817 2.13 
1. 2067 0.3017 3 . 541, 
2.0467 0.0853 
47.3400 
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Table 30. Analysis of variance on flavor appraisal scores of sauce · 
Degree of Sum of Mean 
Source of varia nc e fr ee dom square square F value 
Variety 2 2.4233 1. 2117 16 . 78** 
Storage 1 1.1266 1.1266 15. 601'* 
Variety x Storage 2 1.3434 0.6717 9.301n> 
Error a 12 0.8667 0. 0722 
Stage 2 3.0833 1. 5417 32.05** 
Variety x Stage 4 3.7067 0. 9267 19. 27>"* 
Storage x Stage 2 0 . 0434 0.0217 0 . 45 
Variety x Storage x Stag e 4 0.3066 0.0767 1.59 
Error b 24 1.1533 0 .04 81 
Total 53 14.0533 
** Significant at 1 percent l eve l, 
Table 31. Analysis of variance on textur e appraisal scores of sauce . . 
Degree of Sum of Mean 
Source of va rianc e freedom square square F value 
Variety 2 0.6433 0 . 3217 2.93 
Storage 1 1. 6016 1. 6016 14. 561'* 
Variety x Storage 2 2 .70 34 1.3517 12.29** 
Error a 12 1.3200 0.1100 
Stage 2 5.3033 2. 6517 22 . 25i'* 
Variety x Stage 4 4.8167 1 . 2042 10.10** 
Storage x Stage 2 1. 4034 0.7017 5. 89*'' 
Variety x Storage x Stage 4 3. 3966 0.8492 7 .12** 
Error b 24 2.8600 0.1192 
Total 53 24.0483 
** Significant at 1 percent level. 
